Vietnam is currently among the top-five textile and apparel exporters, and the industry is considered quite attractive to foreign investors. Nevertheless, the global textile and garment industry is experiencing important changes. The three main producing regions in the world are China, Southwest Asia (India, Pakistan, Bangladesh, and Turkey), and ASEAN. In order to maintain its positioning and to establish stable and sustainable Vietnam textile and apparel development, there must be radical changes. Due to this necessity, the authors conducted this study by using grey forecasting to predict and reflect the condition of businesses in the period of 2017-2020, together with combining a DEA model to help businesses select the most appropriate strategic partner in the supply chain in order to achieve economic goals and promote the strength of the businesses partaking in the association. Besides, this helps businesses exploit market opportunities and take advantage of the capabilities of the textile and apparel industry.
Introduction

Overview of Vietnam's Textile and Apparel Industry.
After more than 20 years of continuous development with an average growth rate at 17% per year, the textile and apparel industry has become a major economic industry and is a leading export industry in Vietnam, accounting for 10%-15% gross domestic product (GDP) [1] . By the end of 2014, there were 5,214 textile and apparel companies in Vietnam with the majority of those being small-and medium-sized companies. The textile and apparel work force occupied more than 20% of the nation-wide work force and nearly 5% of the nation-wide work force. Garment companies accounted for the largest share (84%), followed by textile and spinning companies (15%). Vietnam was one of the top 10 textile exporters in the world with the market share at 3.1% in 2014. The country's main export markets included the United States, European Union (EU), Japan, and Korea (85% of the total export goods), providing the garment for mostly the low and middle classes (see Table 1 ). Although foreign direct investment (FDI) enterprises represented only 25% in the volume, they contributed to more than 65% of Vietnam's export turnover [2] .
Currently, Vietnam is involved in the process of the lowest value-added, that is, the "cut-make-trim" with the simple outworks production method (the "cut-make-trim" comprises 85%; see Table 2 ). Vietnam's garment sector still depends on imported raw materials (70%-80%), mainly from China, Taiwan, and Korea. The size of the Vietnamese textile and apparel market is limited at only $3 billion, and per capita expenditures for the textile and apparel are rather low [2] . Also, the Vietnamese garment enterprises are encountering difficulties in occupying the domestic market, as those companies have to compete with fake and nonquota imported goods. Branding includes just a few small and successful firms; the majority of Vietnamese textile and apparel enterprises are inadequate in absorbing knowledge such as building distribution systems, design, and branding. Sources: [14] . [2] . On the other hand, Vietnam has to face many difficulties and challenges in obeying origin rules, labor standards, strict social responsibilities, eco labels, environmental protection, and so on. Currently, Vietnam is relying on the supply of main fabrics and fibers from China and Taiwan; those that are not in the TPP. Thus, when the agreements come into force, Vietnam may have little chance to inherit tax incentives. The textile and apparel industry with the majority of small-and medium-sized companies having low financial capacity and competitiveness will experience difficulties when the economy is opened. Hence, in order to promote the overall strength of the industry, the implementation of coalition among textile enterprises has to be driven in force for the enterprises to complete and move up to a higher value chain, aiming to gain benefits from alliances, for example, achieving economies of scale; reducing production costs and transaction costs; increasing access to technology, new production resources, and markets; leveraging negotiation position and competitiveness; improving the organizational and knowledge capacity through the sharing of experience within coalition group; and building risk reduction. Joining alliances is to better serve the market. It is the only way for new textile and apparel enterprises to provide a large number of products with consistent quality and timely delivery for many partners and integrate deeper and wider into the world economy.
Global Textile and Apparel Value
Chain. Gereffi introduced the global textile and apparel value chain in 2002 [3] . Whereby the textile and apparel value chain is affected by purchasers, creating finished products must go through many stages, and production activities are often carried out in many countries. In particular, well-known manufacturers, big wholesalers, and retailers play key roles in establishing production networks and shaping mass consumption through a series of strong brands and outsourcing activities to satisfy this demand. The global textile and apparel value chain is divided into five basic stages: (1) supply of raw materials, including natural cotton, thread, and so on; (2) production of intermediate goods; products of this stage are fibers and fabrics provided by weaving, knitting, and dyeing companies; (3) design and manufacture of finished products implemented by garment companies; (4) export by commercial intermediaries; (5) marketing and distribution [3] . (See Figure 1. ) In order to study and present the context of the whole supply chain, more research is required. Within this study, we feature an in-depth study of consumer products for textile companies and suppliers for apparel companies. Moreover, this study is mainly focused on partner selection, which is just a part of the supply chain.
Literature Review.
In 1989, Deng introduced the grey system theory, which is an interdisciplinary scientific area and has become quite common in systems to process and predict partially unknown parameters [4] . The grey model (GM) can estimate the behavior under grey system theory in the future based on a limited amount of available data. The GM (1,1) is one of the most important parts of grey system theory and is considered to be the core of the grey prediction model. The advantage of this model is that it can be used when the amount of data is insufficient to perform statistical analysis methods. It requires only a small amount of data and random sample data to calculate and produce the forecast results. Many studies have applied the grey system. For example, in 1989, Bunn conducted a study about forecasting with more than one model [5] . In 2001, Chen et al. studied application of an innovative combined forecasting method in power [6] . In 2005, Yamaguchi et al. studied new grey relational analysis for finding the invariable structure and its applications [7] . In 2009, Lingbin et al. used the grey theory model to predict the number of international tourists in China [8] . Besides, some researchers have conducted strategic alliance studies. For example, Büyüközkan et al. (2008) provided a decision support to make a careful assessment of an elogistics partner [9] . This research proposed a multicriteria decision-making approach to effectively evaluate e-logistics based on strategic alliance partners. Candace et al. (2011) affirmed strategic alliances as an efficient means to access the resources needed for innovation in dynamic environments [10] . Several researches used hybrid DEA (data development analysis) and GM (1,1) to study strategic alliance, which revealed high reliability. This was a complementary concept, which assumed that two complementary companies to be good partners could make an alliance and perform better business. Because this method can estimate the behavior of data in the future based on a limited amount of available data, this complementary concept appeared in the hybrid DEA and GM (1,1) to study strategic alliance for the electronic manufacturing service industry [11] . In 2016, Wang et al. used DEA and a grey theory model to analyze the selection strategic alliance partner in the automobile industry [12] . In 2017, Wang and Nguyen used the grey and DEA model to study enhancing urban development quality based on the results of appraising efficient performance of investors in Vietnam [13] .
Strategic alliances between organizations are now ubiquitous; it has been used in the past for enterprises that have the same expertise and targets. In the current economy of integration and development, along with the limited capacity of enterprises, the technology has not been developed nor has it met the quality and quantity requirements of partners who continue to operate individually; thus, they will encounter difficulties when facing competitors. If we combine each other's strengths, we will create a value chain in each product line, offer prestigious and quality products, and enhance competitiveness in the domestic and international markets. Therefore, strategic alliances between enterprises are urgent. Thus, combining a hybrid DEA model and grey system theory helps us to choose the strategic alliance for textile and apparel enterprises to make the best of their business goals and possibly exploit the opportunities of the environment, address challenges, and take advantage of the capacity of the textile and apparel industry in Vietnam. This study proposes an effective new method. Through the realities in Vietnam's textile and apparel industry, we would recommend finding 
Materials and Methods
DMUs Collection.
After researching Vietnam's textile and apparel industry, this study reveals 15 companies collected from the General Statistics Office's website [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . We did not choose other enterprises because of this reason: the company scale is small, the uptime does not align with the data requirements, and the business data of those companies do not match with the demand of grey theory model that we used in this research. The synopsis is shown in Table 3 .
Inputs/Outputs
Collection. The inputs/outputs element will directly affect the results of the analysis and evaluation. From the literature review, this research summarizes finance factors that were not previously considered. This study carefully selects four inputs and two outputs, which are collected from financial statements of 15 DMUs.
(i) Input factors include the following:
Total assets (TA), which reflect the entire value of existing assets of the business in reporting. Cost of sold capital (CS), which is the total input cost of the enterprise to produce products, including the cost of inputs, fuel costs, machinery, direct labor, and other expenses. Selling expenses (SE), which include all costs incurred in the process of consuming products, goods, or services. General and administration expenses (AE), which are the total costs of business management, administrative management, and other general services related to the operation of the business.
(ii) Output factors include the following:
Revenue of sales (RS), which reflects sales and services revenue of the enterprise in an accounting period of production and business activities from transactions, sales, and servicing operation. Profit after tax (PT), which reflects the total net profit after tax relating to the enterprise's business activities.
The selected factors reflect wholly a firm's assets, costs, and profits, which can be used as the foundation for analysis, calculation, and evaluation of this study. Researcher synthetics are shown in Tables 4, 5 , 6, and 7.
Research Development.
The authors use the GM (1,1) model to predict the business situation of all DMUs and the super-SBM-I-V model to select strategic alliance partners for the textile business in the future. The process of conducting this study is shown in Figure 2 .
Step 1 (objectives identification). Based on the requirements of professional, managerial, and practical needs of the textile and apparel industry, the authors select the objectives of the study.
Step 2 (literature review). By researching and exploring the chosen topic, the authors examine available resources, identifies research purposes, and develops hypothesis for his/her research topic to implement the research. If the topic, time, and method overlap with another study, the authors revert to Step 1.
Step 3 (methodology).
Prediction Method. There are many prediction methods, and the authors use the GM (1,1) to predict the data from the DMUs from 2017 to 2020 because this is a highly reliable prediction method and suitable with the data of DMUs.
DEA Models. There are many methods to choose an alliance partner, and the authors use the super-SBM-I-V, a method of choosing the right strategic alliance partner and is popular nowadays.
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Step 5 (DMUs collection). The authors collected information of 15 Vietnam textile and apparel companies, which was in line with research objectives through the General Statistics Office's website.
Step 6 (inputs/outputs collection). Input factors include total assets, cost of capital sold, cost of sale, and general and administration expenses. Output factors include revenue of sales and profit after tax.
Step 7 (grey prediction). The prediction sequence is as follows.
Forecasting. Use business data of 15 DMUs from 2013 to 2016 and apply GM (1,1) to predict business performance from 2017 to 2020.
Check Accuracy. The authors use mean absolute percentage error (MAPE) to calculate predicted errors, thus ensuring the predicted data are accurate compared with the requirements. In case the accuracy does not meet with the requirements, DMUs must be selected accordingly.
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correlation; the result is highly reliable. However, if the correlation coefficient is negative or equals zero, the inputs and outputs must be reselected.
Step 9 (DEA analysis (super-SBM-I-V)). The sequence of DEA analysis according to the super-SBM-I-V model is as follows.
Before Alliance. The actual results of the order and business performance of the DMUs serve as a basis for the authors to choose future alliance partner.
After Alliance. From the preunion assessment, the authors select the DMU target as a partner alliance with other businesses. When combining DMU target with 14 other DMUs, the authors use the SBM-I-V model to analyze and obtain 29 plans to compare and evaluate analysis and comments.
Step 10 (partner selection; conclusion). Based on the results of analysis after the alliance, the authors proposed the most appropriate alliance solution in the supply chain of the enterprises, which brings the highest economic efficiency as well as the affiliate groups that are not highly effective in helping the businesses with suitable direction.
Grey Forecasting Model.
Before using the GM (1,1) model, initial data must be tested against the formula [30] : 
If all the values are within (0) ( ) = ( −2/( +1) ; 2/( +1) ), we can use the GM (1,1) model to forecast.
The GM (1,1) model is calculated based on the following differential equation [31] :
Within the equation, and are coefficients. The initial data is considered as a value chain as follows:
In this research, (0) is the actual business metrics of DMUs recorded from 2013 to 2016. Data after being tested will be calculated using the following steps.
Step 1. Calculate the (1) by using the cumulative method [31] :
where
Calculate series (1) (mean value) of adjacent neighbor (1) by [31] :
Step 2. Set the equation for the GM (1,1) model and calculate the (1) values [31] :
where (1) ( ) = 0.5( (1) ( ) + (1) ( − 1)); = 2, 3, . . . , . Step 3. Calculate the parameter and parameter . Parameter and parameter of the GM (1,1) model are calculated based on the least-squares method as follows [31] :
Mathematical Problems in Engineering
where: = [
Step 4. Set the formula to calculate the predictive value of the model [31] :
Then calculate the predicted values of the GM (1,1) model based on the following formula [31] :
wherê( 0) (1) = (0) (1); ( = 1, 2, 3, . . . , ).
Evaluation of Volatility Forecasts.
In this paper, we use MAPE, which is a tool to measure the accuracy value in statistics, to identify the grey prediction models with good performance. The MAPE is small; It is called the slacks-based measure of efficiency (SBM) [32] .
The MAPE is divided into our ranks as shown in Table 8 .
Nonradial Super Efficiency Model (Super-SBM).
In this section, we propose a model by which we discriminate between such DMUs: it is called the slacks-based measure of efficiency (SBM). Here, a super-SBM is expanded by the addition of the super efficiency to the DEA model with the polarities of the inputs and outputs. The DMUs with the input/output matrices ( , ) are used in this model [33] , in which = ( ) ∈ × and = ( ) ∈ × .
is a nonnegative vector in . The vectors − ∈ and + ∈ represent an excess input and a short falling output, respectively [34] . The SBM model is given by following equation [35] :
Suppose ( * , * , − * , + * ) is the optimal condition of SBM, and ( 0 , 0 ) is SBM efficient of DMU. When * = 1 so − * = 0 and + * = 0 (or there is no excess input and a short falling output). Hence, a super-efficiency model was introduced for ranking DMUs, and it was defined by the following formula [36] :
Suppose the denominator is 1, so that the objective function is an orientation input of the super-SBM model. The obtained feedback value of the objective function is larger or equivalent to 1. It is straightforward, then, that the inputs are positive; however, the outputs are able to become a negative value. The proper solution to solve this problem is to use DEA-solver pro 4.1 manual [37] , as follows: Suppose ≤ 0. It has defined + and
If there is no positive component in the output , it becomes + = + − = 1. The element + / 0 is instead the following, while the 0 is unchanged: 
− the element becomes:
Here, represents a large positive value; in the DEAsolver the value of is about 100.
Given the fact that the denominator is certainly lower than + − , it increases with the decrease of the distance + − 0 and vice versa. Hence, this model significantly affects the nonpositive output value. The obtained score is constant, and it is a unidimensional unit for using units of the measurement [35] .
Results
Results and Analysis of the Grey Forecasting of the Output
Values for All DMUs. The GM (1,1) model is utilized to predict the input and output factors values for each decisionmaking unit from 2017 to 2020. We used factor total assets (TA) -input 1 of DMU1 in Table 9 to explain calculation procedure in this part.
First, we use the GM (1,1) model for trying to forecast the variance of primitive series.
Create the primitive series:
(0) = (509991; 588788; 606216; 679185) .
Perform the accumulated generating operation (AGO):
(1) = (509991; 1098779; 1704995; 2384180)
Create the different equation of GM (1,1).
To find (1) series, the following mean obtained by the mean equation is 
And then use the least-squares method to find and :
Use the two coefficients and to generate the whitening equation of the differential equation: Find the prediction model from equation 
Substitute different value of into the equation (1) (1) = 509991 = 0;
(1) (2) = 1089144.30 = 1;
(1) (3) = 1712406.71 = 2;
(1) (4) = 2383137.67 = 3;
(1) (5) = 3104952.43 = 4;
(1) (6) = 3881741.61 = 5;
(1) (7) = 4717692.14 = 6;
(1) (8) = 5617309.83 = 7;
derive the predicted value of the original series according to the accumulated generating operation and obtain 
As with above process, we have the result of all DMUs from 2017 to 2020, respectively, in Tables 10, 11 , 12, and 13.
In this study, the authors use MAPE to check the accuracy of forecasts to ensure appropriate predictive methods and as a basis for highly reliable assessments. The results are shown in Table 14 .
This research uses a model-based forecasting approach (an approach to obtain information for the future with modeling tools); through resimulating the past and comparing values, the forecast is calculated by actual data and the model; if the error is within the allowable limits, then the model is reliable and usable. As shown in Table 14 , average MAPE of 15 DMUs is less than 10%. Based on rules, as shown in Table 8 , the predicted results in this study have a high level of accuracy (average MAPE of 15 DMUs is 4.08%). This confirms that the GM (1,1) model used in this study is suitable with highly reliable predicted results and analysis.
Pearson Correlation.
In this study, the authors use the super-SBM-I-V model to analyze and choose a strategic alliance partner for DMUs, where the condition for using DEA is the correlation coefficient, which could not be negative or equal to 0. Hence, before analyzing DEA, the authors used the Pearson correlation coefficient to determine the data used in this study, which is in accordance with the DEA standards. Correlation coefficients are always in the range of (−1) to (1); if this factor is as close to (1), it is a perfect linear relation [37] . The results are shown in Tables 15, 16 , 17, and 18.
Results of the Pearson correlation coefficient from Tables  15 to 18 show that the factors used in this study have a strong linear relationship, which is consistent with the conditions of DEA and can be used for analysis. In the super-SBM-I-V model, strategic partners will be selected for DMUs in the future.
Analysis Alliance
3.3.1. Analysis before Alliance. To identify and select the target DMU for alliance with other DMUs in the future, the authors use actual business data of the DMUs and the analytical applications from the super SBM-I-V of DEA to evaluate the business situation of DMUs before the alliance. The results are shown in Table 19 . Table 20 . In this study, DMU5 was chosen as the target DMU for alliances with other enterprises in the textile supply chain because DMU5's business performance in 2016 was ineffective (specifically DMU5 Rank = 14 (14/15 DMUs); DMU5 Score = 0.9998). Hence, the DMU5 management team needs to boldly change the strategy and choose an alliance solution with other DMUs to improve their business efficiency. On the other hand, DMU5 (Ha Dong Textile J.S.C), established in 1956, has a long history in the textile industry, with a large market and modern technology, and can easily persuade other DMUs to join their alliance.
Analysis after
Based on the ranking and efficiency score at Table 20 , we can separate into two groups good alliances cooperative and inappropriate alliances as follows.
Group 1.
After strategic alliances, the DMUs get good business efficiency, make the relationship among the coalition parties better, and expand market share. Candidates need to own good characteristics and necessary consistency with one's desire in business. There are 13 DMUs (DMU14, DMU8, DMU9, DMU3, DMU1, DMU13, DMU7, DMU10, DMU6, DMU11, DMU4, DMU2, DMU15) in this group, which help DMU5 to improve results after the strategic alliance. Alliances DMU5 + DMU14, DMU5 + DMU8, DMU5 + DMU9, DMU5 + DMU3, DMU5 + DMU1, DMU5 + DMU13, DMU5 + DMU7, DMU5 + DMU10, DMU5 + DMU6, DMU5 + DMU11, DMU5 + DMU4, DMU5 + DMU2, DMU5 + DMU15 receive a score of more than 1. These are shown in Table 21 .
Group 2. In this group, DMU12 combined with DMU5 shows no any progress after alliance. Thus, this combined will not be priority with selection of a strategic alliance partner in the future, as shown in Table 22 . 
Discussion of Alliance Partner
Selection. DMUs include DMU14, DMU8, DMU9, DMU3, DMU1, DMU13, DMU7, DMU10, DMU6, DMU11, DMU4, DMU2, and DMU15. But these DMUs would not be willing to combine with DMU5 because some companies have a score after an alliance, and ranking is reduced before an alliance. In alliances that bring high performance in group 1, DMU9 (Saigon 3 garment joint stock company, GATEXIM), before alliance, has a ranking at 3 (3/15 DMUs); however, after the alliance, its ranking is at 8 (8/29 DMUs). Hence, the effect given is immensely good; specifically, DMU5 in Hanam (the large economic center in the northern region of Vietnam) specializes in the textile industry and the DMU9 in Ho Chi Minh City (the largest economic center in the south of Vietnam) specializes in the garment industry. Thus, in terms of expertise, these two companies joined the alliance between textile and apparel enterprises when the parties signed the main agreement, which helps to build the supply chain by eliminating intermediaries between suppliers and consumers and shorten the length of the channel consumption. Joining the alliance helps businesses ensure that the factors of supply and consumption remain stable. In terms of geographic location, enterprises can deploy and expand their distribution network so that they can take advantage of the available network and human resources of their partners. This not only helps to save cost but also reduces time entering a market to the fullest. Besides, joining alliances also can increase the customer base by leveraging each other's customer systems. Because every business has its own characteristics matching its inherent potential, alliances will have their own advantages to exploit and complement each other. Hence, in order to survive, compete, and develop, an alliance is inevitably a trend because it gives firms greater value-added alliance than standing alone. Hence, in order to survive, compete, and develop, an alliance is inevitably a trend because it gives firms greater value-added alliance than standing alone, to gain greater economic benefits on a larger scale, to increase prestige and brand name, to reduce costs, to maximize business advantages of parties involved, and to develop the customer base and distribution network. This will help strengthen the position and competitiveness in the market and improve business efficiency.
Conclusions
With what has been happening in the textile and apparel industry, the need for linking is becoming increasingly urgent. In this study, the authors provide a method for finding and selecting the right strategic partner for textile and apparel enterprises. The selected plan is to promote the internal strength of all participating enterprises while promoting the strength of the alliance in accordance with high volume products, high quality, international quality, timely delivery, and competitive price needs. Authorities can rely on these research results to make the correct and appropriate strategic decisions in helping Vietnam's textile and apparel industry to develop when integrating with the global economy. Although the paper shows that GM (1,1) is a flexible and easy model of use to predict what would happen in the future business and DEA is an efficient tool to help businesses find the right strategic partner, we still cannot deny some restrictions about these two methods for further studies. Different DEA models and optimization algorithm can also be tested to reveal more changes, and other industries can be studied by this model in the future [38] . This study only focuses on a quantitative model. The authors will do more research of external environmental factors in the future. The comparisons with other quantitative and qualitative approaches will be a good research direction as well.
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